Browsing is one of the methods used for finding and refinding information on the web or in the file local system and there are opportunities to avoid this, particularly if that information is revisited frequently. We present empirical results from a field study contrasting patterns of browsing to local and web information and we qualify the cost that this navigation method incurs. In addition, we provide an improved method for defining revisit behavior and report on the level of revisits during our study. Our findings have implications for solution development that reduce user effort for finding and refinding information.
INTRODUCTION
Browsing, alongside with searching, is one of the routine and reoccurring methods used when computer users look for information, either locally in files or on the internet in web pages. Searching for information, especially with current improved desktop searching technology, is often seen as the silver bullet. However, searching does not eliminate all problems. First, users still need to generate appropriate search terms and some users may prefer browsing over searching because it allows information to be found in an iterative and guided way [2, 11] . Second, while most search tools provide help in finding information, they do not provide support when people aim to re-find information. Searching therefore can cut some but not all costs.
In order to access information, much time and effort may be spent on having to first find and then often re-find information yet there may be some opportunities to reduce time and effort for browsing, particularly if that information is revisited frequently. In order to shape better solutions, we are interested in understanding how knowledge workers get to information on the web and local file systems.
In this report, we describe a field study with knowledge workers during which data was logged on their client computers as they browsed for information in Internet Explorer and Windows Explorer. We present results from this study comparing navigation in the web to local navigation and describe differing navigation behavior patterns. We then present an improved method for defining and calculating revisits and report results of revisit levels for our field study. Our results provide implications in terms of potential solution development that aims reduce user effort for finding and refinding information.
RELATED WORK
Our work builds on the findings of previous researchers who have investigated how people access information on the web and local file system. Information finding on the web has studied the navigation behavior of users employing both qualitative and quantitative approaches [3, 11] . Quantitative studies have addressed the relationship between number of web pages visited, the speed of browsing and the number of Internet Explorer windows open [7] . Studies of information refinding have given an account of web visits and revisit behavior by comparing the ratio of new pages vs. previous visited pages [13, 5] .
For information stored locally, numerous studies have found that users often rely on the classification of information into folders to facilitate retrieval [8] , and prefer manual browsing over logical search [2, 11] . One reason for this may be that users prefer to navigate to a desired file in small steps using context as a guide [14] . Surprisingly, comparable studies to information finding on the web have rarely been conducted to investigate how information that is stored in local file systems is found and refound.
STUDY SET-UP AND METHODOLOGY
Six knowledge workers, employed in a major high-tech company in a variety of professions such as managers, software engineers and administration, participated in a study over three months where we collected over 2,095 hours of data. Data logs were gathered using the TaskTracer system [6] .
TaskTracer keeps track of files and web pages by listening in on most user interaction events in the Microsoft Windows environment and it also logs high-level events in all major Microsoft applications. Each event includes data on the time the event occurs, from which component the event originates, and details of the information resource.
Our analysis focused on contrasting specific browsing behaviors. We investigated behavior in Internet Explorer to understand costs in finding information on the web, and browsing through Windows Explorer as an analogue to finding information in the local file system. We have excluded other possible information finding and browsing behavior, such as looking for email messages, from our investigation due to problems with Outlook data logging.
Navigation paths to information
The TaskTracer data logs show users' paths through the web or in the file system. Each time a user browses toward a resource a navigation event is generated. Navigation events occur in Windows Explorer each time the user accesses a folder in the file system hierarchy. In Internet Explorer they take place each time a web page is opened. When a user switches from one window to another afterwards, TaskTracer logs windows focus change events.
The series of navigation events provide the possibility of reconstructing a browsing path. The navigation path represents a series of navigations toward an information resource. For each navigation path we can measure its duration and its length (i.e. number of navigation segments) as an indicator of cost.
We define any navigation path as starting with a navigation event and continuing via any number of respective navigation events, terminated by a windows focus change ( Figure  1 ). The focus change is taken as the end of a navigation path because either a) the user has found the information and is opening the resource or b) they have abandoned trying to find the information either temporarily or permanently.
Web navigation paths need an additional stopping condition to reconstruct browsing behavior. Because users can re-use the same Internet Explorer window for consecutive nonrelated navigation paths, a window focus event may not be generated and therefore several navigation paths may tacked onto each other. Thus, navigation paths in Internet Explorer are also terminated by viewing a web page for longer than 10 seconds, indicating that the user has found and is focusing on some information. (This also prevents transitory pages, used only for navigation purposes, to be terminating pages [10] .)
RESULTS
We concentrate on differences in finding and refinding behavior for web pages and for local files. First, we show how often participants navigated to information and their cost of doing so. Second, we qualify the cost of information finding. Then, we report on refinding information by analyzing how often the same information resources were revisited.
Browsing to Find Information
Participants conducted an average 215 navigation paths in Internet Explorer over the course of our study, each lasting 6.58 seconds on average ( Table 1 ). The average length of navigation paths was 2 segments, which is in line with previous findings from other researchers [13] . Table 2 
Discussion
The data shows some interesting user behavior patterns that differed to a great extent between the tools used. One of the major differences is that the time spent browsing in Windows Explorer is on average twice as long as the duration of navigation paths in Internet Explorer, despite the fact that the path length in Windows Explorer is only half as long as in Internet Explorer.
There are various explanations, and potential solutions, for this substantial difference in cost. First, the higher duration in Windows Explorer could be explained by a lack of information organization that helped the participants find files again. One popular way of organization is to create a folder hierarchy. In our case, low path lengths could indicate a flatter file system resulting in shorter path lengths (i.e. the participants didn't have to click through several folders to the target file in a flat hierarchy). In turn a flatter file system may also suggest that more files have to be browsed at one location, increasing time to find them. Aiding the user in creating appropriate organizational mechanisms (e.g. through suggesting organization based on activities) may alleviate this problem.
However, this does not fully explain why it should take considerably longer to find information in the local file systems which are organized by the users themselves, in contrast to web information which is organized by someone else (and hence may take longer to make sense of). This leads us to suspect that this differing pattern may be due to information duplication. When looking for information on the web there are often several pages that could provide the necessary information. Finding information within a local file system, however, means that usually only one particular information resource will be the right one. Thus, we have a different termination condition for information finding on the web and on the local file system, and if many pieces of the same information are available, the time spent browsing to any one of them decreases.
In addition, there is a lack of information scent [4] for local files that enables the user to determine whether the are on the right track. Typically, finding information in local files is based on making judgments given short, and sometimes ambiguous, folder and file names, whereas finding information on the web involves looking through rich media that provides more information to lead one into the right direction. Since information scent is absent in the local file system, the user may take longer to browse in Windows Explorer.
The Cost of Navigating
We analyzed how much time participants spent navigating in Internet Explorer and Windows Explorer in relation to their overall computer usage. (We excluded times when there were no keypresses or mouse clicks during a 15 minute time interval from our calculations.) We found that the average rate of time spent on navigation is 0.9% in relation to their overall time spent on the computer. Individual rates vary considerably between participants but it is usually not higher than 2%.
Discussion
This low figure for navigation costs was initially surprising to us. It shows that actual navigation costs may bear relatively little resemblance to the high level of time and effort that our participants perceived them to be.
This may be due to a number of reasons. First, these costs are likely to be an underestimate. Data from navigation in email clients, other browsers or applications has not been included in our analysis. Furthermore, it has been noted that the amount of scrolling within information can be very high [9] but this is not included in our navigation costs. Second, the perceived time may be felt to be much higher since it is unproductive time -browsing is a means to an end, not a goal in itself. Lastly, if something goes wrong in browsing, then it may influence the overall perception of cost. For example, one of the worst cases in Windows Explorer in our study took 156 seconds and had a navigation path over 23 segments long!
Browsing to Find Information Again
A way of reducing costs to knowledge workers is to find ways to cut down on the amount of browsing they have to do. For example, costs could be reduced by providing mechanisms, such as bookmarks, history lists, etc., that shorten the path length for revisited information.
One established way of calculating revisits to web information includes each page if it has been viewed once before [13] . Following this approach a revisit rate is determined by taking the ratio of all revisited pages over the number of total pages visited. We believe that this way of estimating revisits results in an inflated figure since it makes no distinction about the usefulness of the pages: it includes in the count "visits" to the default homepage and also transitory pages that are only used for navigation purposes.
In order to give a better estimate of revisits we developed a different method. We only count revisits to the destination of the navigation path -for example, we do not include revisits to transitory stages leading up to the destination, nor do we match on similar but not identical destinations. Analyzing the destination of a navigation path allows for a more precise measure by ignoring web pages or folders common to several paths. From this we can calculate a conservative revisit rate, which is the percentage of revisited destinations over all visited destinations. We also provide a frequency of how often this information is revisited. Our measure is the minimum that could be saved by revisits to the destination.
So how much of these costs could potentially be saved? In order to answer this question we analyzed revisit behavior within Internet Explorer (Table 3 ) and Windows Explorer (Table 4 ) during the field study using our approach. Revisits to the same destination within Internet Explorer amounted to 33% on average, and the same page was revisited 3 times on average. We further found that on average 41% of destination folders are revisited twice on average.
Discussion
Our results on revisits in Internet Explorer differ considerably from revisit results reported previously [13, 5] , which claimed that 58% or even over 80% of visits are revisits. Since we do not include transitory pages in our calculation, this suggests that at least a quarter of costs -and possibly even higher levels -in revisits are attributable to navigation overheads and this could be reduced substantially. In addition, our quantitative findings on revisit behavior to information on the local file system show that considerable savings in time and effort could be made. Since we know where the information is located, potentially most of navigation to local information is an overhead cost.
Exploiting machine learning may be a fruitful avenue to cut these kinds of costs. Research within the TaskTracer project has already investigated the feasibility of some solutions for cutting down on refinding information on the web and in the local file system [1, 10] .
CONCLUSIONS
Our field study provides a number of interesting results. We found that participants' navigation path lengths were shorter in Windows Explorer than in Internet Explorer, yet it took more time to get to the information. This suggests that browsing behavior for finding and refinding information needs to be supported in ways that take these differences into account.
Through our improved method of calculating revisits, we have found that some navigations costs appear to be unavoidable. A large number of web pages were never visited again. This is where search could provide most impact, by reducing the navigation cost to new information.
However, costs could be substantially reduced through making use of revisits and any improvements on these costs alone could have substantial impact on users' perceptions. 
